Purpose. To determine if the curve length, curve form, and location of the lower-end vertebra can identify the type of scoliosis. Methods. Standing posteroanterior and lateral radiographs of 78 women and 27 men with scoliosis aged 8 to 32 years were retrospectively analysed. Parameters measured were (1) the curve length (the number of vertebrae in the main curve), (2) the curve form (C-form, inverted C-form, or S-form), (3) the curve apex (the vertebral body at the apex of each curve), (4) the site of the scoliosis (thoracic, thoracolumbar, or lumbar), and (5) the location of the lower-end vertebra.
end vertebra located at L5, compared with 8 (38%) patients with neuromuscular scoliosis (p<0.001, Fisher's exact test). The criteria for neuromuscular/ neuropathic scoliosis (a curve length of >8 vertebrae, a C-form or inverted C-form curve, and a lower-end vertebra located at L4 or L5) had 81% specificity, 76% sensitivity, 100% positive and 93% negative predictive values. Conclusion. These criteria may help identify patients with neuromuscular/neuropathic scoliosis for further investigation by magnetic resonance imaging or computed tomography before they undergo corrective surgery.
INTRODUCTION
80% of all types of scoliosis are idiopathic, and of these, 80% occur in adolescents (onset at about 10 years of age). Among school children, 2 to 3% have a Cobb angle of ≥10º, and in 0.2% it exceeds 20°. 1 Other common types include congenital/osteogenic scoliosis secondary to vertebral anomalies, neuropathic scoliosis (in patients with syringomyelia, tethered cord, Chiari malformations, diastematomyelia, and meningocele/myelomeningocele), and neuromuscular scoliosis (in patients with cerebral palsy, spinocerebellar degeneration e.g. Friedreich ataxia, muscular dystrophy, and poliomyelitis). 2 The distinction between different types of scoliosis is important with respect to treatment and prognosis.
Posteroanterior and lateral radiographs are commonly used to evaluate curve progression and osteogenic abnormalities. Magnetic resonance imaging (MRI) is the diagnostic tool of choice to rule out intraspinal pathology and neural axis abnormalities, 3, 4 but is less accessible, and sedation or general anaesthesia may be needed in very young children. Computed tomography (CT) is more accessible and cheaper, but carries the risk of exposure to ionising radiation. It can be used to define vertebral anomalies associated with scoliosis and to measure the degree of vertebral rotation. 5 Repeated exposure may induce cancer, especially in young patients. Low-dose CT of the spine may result in up to a 20-fold reduction in radiation dose.
Criteria for selecting patients for further radiological investigation should be established, especially for those with neuropathic scoliosis, as correction may be hazardous in the presence of syringohydromyelia, 7 although such interventions may result in improvement or restrain the deterioration. 8, 9 The prevalence of neural axis abnormalities associated with scoliosis varies from 4 to 24%. [10] [11] [12] [13] We therefore aimed to determine whether the curve length, curve form, and location of the lowerend vertebra can indicate the types of scoliosis, and establish radiographic criteria for identifying the 3 most common types of scoliosis (idiopathic, neuromuscular/neuropathic, and congenital/ osteogenic).
MATERIALS AND METHODS
Standing posteroanterior and lateral radiographs of 105 (78 female and 27 male) consecutive patients with scoliosis aged 8 to 32 (mean, 17; standard deviation, 5) years were retrospectively analysed ( Fig.) . Additional MRI was performed for patients with atypical (left thoracic) curves, neurological deficits, local pain, early age of onset (before 10 years of age), and rapid curve progression.
Parameters measured were (1) the curve length (the number of vertebrae in the main curve), (2) the curve form (C-form, inverted C-form, or S-form), (3) the curve apex (the vertebral body at the apex of each curve), (4) the site of the scoliosis (thoracic, thoracolumbar, or lumbar), and (5) the location of the lower-end vertebra.
We hypothesised that congenital/osteogenic curves are shorter than idiopathic curves, whereas neuromuscular/neuropathic curves are longer than idiopathic curves. The probability of different radiological findings to differentiate idiopathic from neuromuscular/neuropathic scoliosis was tested using the Fisher's exact test. A p value of <0.05 was considered statistically significant. The sensitivity, specificity, and positive and negative predictive values of the curve length, curve form, and location of the lower-end vertebra as a means of identifying the types of scoliosis were calculated.
RESULTS
Of 105 patients with scoliosis, in 77 it was idiopathic, in 21 neuromuscular/neuropathic (17 neuromuscular and 4 neuropathic), and in 7 congenital/osteogenic. Regarding the first 2 types, the most common sites for the major curve were the thoracic (T8-T9) and thoracolumbar (T12-L1) regions, respectively. Table  1 shows the distribution of the curve length in the 3 types of scoliosis. Only 3 (4%) of the patients with idiopathic scoliosis had a curve length of >8 vertebrae, compared with 19 (91%) of those with neuromuscular/neuropathic scoliosis (p<0.001, Fisher's exact test, Table 2 ). 14 (18%) of the patients with idiopathic scoliosis had an S-form curve, compared with none in those with neuromuscular/ neuropathic or congenital/osteogenic scoliosis (p=0.035, Fisher's exact test, Table 2 ). No patients with idiopathic scoliosis had the lower-end vertebra located at L5, compared with 8 (38%) of those with neuromuscular/neuropathic scoliosis (p<0.001, Fisher's exact test). Of the 3 idiopathic scoliosis patients with a curve length of 9 vertebrae, 2 had the lower-end vertebra located at T12 and one at L1. Of the 2 neuromuscular/neuropathic scoliosis patients with a curve length of 8 vertebrae, both had C-form curves and their lower-end vertebrae were located at L4 or L5.
16 (76%) of the patients with neuromuscular/ neuropathic scoliosis fulfilled all 3 criteria for neuromuscular/neuropathic scoliosis (a curve length of >8 vertebrae, a non-S-form curve, and a lower-end vertebra located at L4 or L5), compared with none in those with idiopathic scoliosis (Fisher's exact test, p<0.001). Therefore, these criteria had 81% specificity, 76% sensitivity, 100% positive and 93% negative predictive values (Table 2) .
Patients with idiopathic scoliosis differ significantly from those with neuromuscular/ neuropathic scoliosis in terms of curve length of >8 vertebrae (p<0.001, Fisher's exact test), curve form (p=0.035, Fisher's exact test), and location of the lower-end vertebra at L4 or L5 (p<0.001, Fisher's exact test) [ Table 2 ]. Atypical (left thoracic) scoliosis occurred more often in patients with neuromuscular/ neuropathic scoliosis (p=0.017, Fisher's exact test).
DISCUSSION
The differences between the 3 common types of scoliosis (idiopathic, neuromuscular/neuropathic, and congenital/osteogenic) were significant with respect to curve length, and S-form curves occurred exclusively in those with idiopathic scoliosis. Nonetheless, S-form curves can occur in congenital/ osteogenic scoliosis when the vertebral anomalies involve the thoracic and lumbar vertebrae separately. Patients with congenital/osteogenic scoliosis often have a short curve length (3-4 vertebrae). A curve length of >8 vertebrae, a non-S-form curve, and a lower-end vertebra located at L4 or L5 was more likely to be neuromuscular/neuropathic scoliosis in origin.
Clinical and radiological markers have been established to indicate intraspinal pathology in patients with scoliosis, particularly neural axis abnormalities. Scoliosis with early age of onset, atypical shape (a single left thoracic or thoracolumbar curve), a rapidly progressive curve (>1º per month), a severe curve (>45º) despite immaturity, scoliosis with local pain, and male gender-all indicate a possible intraspinal pathology causing idiopathic scoliosis. 11, 14, 15 Patients with one or more of the above features should undergo MRI to rule out neural axis abnormalities, although in several studies there was no correlation between some of these features and intraspinal pathology.
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The proposed criteria (a curve length of >8 vertebrae, a non-S-form curve, and a lower-end vertebra located at L4 or L5) may help identify patients with neuromuscular/neuropathic scoliosis for further radiological investigation, especially where access to MRI is limited and CT is deemed to entail excessive exposure to ionising radiation and the risk of cancer.
